Abstract: A single item EOQ model has been developed considering demand as a two parameter ramp type function and deterioration as a Heaviside's function. Both pre and post deterioration discounts are considered where the former helps in maintaining constancy in the demand rate and the latter one boosts the demand of decreased quality items. The starting time periods of pre and post deterioration discount have been determined. The effect of both types of discounts in optimising the profit is examined through numerical illustrations. Sensitivity analysis is also appended to find out the effect of various system parameters. From this study it is observed that it will be more advantageous for management to offer pre deterioration discount in enticing the profit.
INTRODUCTION
Most of the inventory models are explored by considering the demand rate as constant, linearly increasing/decreasing or exponentially increasing/decreasing. But demand of all types of products may not follow these particular patterns over time. Demand for some products increases rapidly as they are introduced in the market, but after certain period of time it becomes constant. The ramp type function is used to represent such type of demand function. The following table gives a glance at research works undertaking different patterns of demand and deterioration. The current study focuses on a certain kind of demand pattern which accelerates exponentially as the products are launched in the market, stabilizes with the passage of time, and ultimately declines and becomes asymptotic. Two parameter ramp type function is used to corroborate such type of demand pattern. The inventory deteriorates following a Heaviside's function. Both pre and post deterioration discount are provided, where the former assists in maintaining the constancy in the demand and the latter enhances the demand of decreased quality items. The efficacy of the optimal result is attained by comparing the results obtained in three different scenarios. The sensitivity analysis is conducted to discern the effect of various system parameters in optimising the profit. The concavity of the total profit is also tested graphically. 9. µ : The time period at which the pre deterioration discount is provided.
γ:
The time period at which the deterioration starts.
11. π: Total profit of the system per unit time.
I(t):
The inventory level at time t.
13. I(0) = Q 1 : The initial inventory level is Q 1 .
Assumptions
1. Replenishment rate is infinite.
2. The deterioration rate is assumed as a Heaviside's function.
Where t is the time measured from the instant arrivals of a fresh replenishment indicating that the deterioration of the items begins after a time γ from the instant of the arrival in stock. θ is a constant (0 < θ < 1) and H(t − γ) is the well known Heaviside's function defined as
3. Demand rate is a two parameter ramp type function defined as
where
is the percentage pre deterioration discount offer on unit selling price.
, n 1 ∈ R is the effect of pre deterioration discount on demand. r 2 (0 ≤ r 2 ≤ 1) is the percentage post deterioration discount offer on unit selling price. α 2 = (1 − r 2 ) −n2 , n 2 ∈ R is the effect of post deterioration discount on demand.
MATHEMATICAL MODEL AND ANALYSIS
Let Q 1 be the inventory level at the beginning of the cycle. The depletion in the inventory occurs due to demand up to time γ. After time γ, the inventory declines due to demand and deterioration. Ultimately, inventory reaches zero level at time T 1 . Before the starting of deterioration i.e., from µ to γ, r 1 % discount on unit selling price of the product is imposed in order to maintain constancy in the demand rate. After starting of deterioration, r 2 % discount on unit selling price is provided to enhance the demand of decreased quality items. This discount is continued for the rest of the replenishment cycle.Then the behavior of the inventory level is governed by the following differential equations
with the initial boundary conditions I(0) = Q 1 and I(T 1 ) = 0. For the condition I(0) = Q 1 , the solution of equation (1) yields
At the point t = µ, the inventory level is
With the condition I 1 (µ) = I 2 (µ), solution of equation (2) yields
At the point t = γ, the inventory level is
With condition I 2 (γ) = I 3 (γ), the solution of equation (3) yields
The boundary condition I 3 (T 1 ) = 0 yields
Equations (4) and (5) generate,
So, equation (6) yields
Holding cost and disposal cost of inventories in the cycle is
Purchase cost of the cycle is given by
Total sales revenue in the order cycle is
The total profit per unit time of the system is
The pre deterioration discount on selling price is to be given in such a way that the discounted selling price is not less than the unit cost of the product i.e.,
Applying these constraints on the unit total profit function, we have the following maximization problem
Maximize π(µ, γ)
The optimum values of µ and γ, which minimize the unit profit, can be obtained by solving the equations δπ δµ = 0 and δπ δγ = 0.
The values satisfy the sufficient conditions
Model for Pre Deterioration Discount
In this case the discount is provided before starting of deterioration. So, there is no post deterioration discount and hence r 2 = 0. Thus, the total profit per unit time of the system is
The maximization problem in this case is Maximize π(µ, γ)
The optimum values of µ and γ are obtained by using equation (9) . These values satisfy the conditions in equation (10).
Model for Post Deterioration Discount
In this case the discount is provided only after starting of deterioration. So, there is no pre deterioration discount and hence r 1 = 0. Thus, the total profit per unit time of the system is
The maximization problem in this case is
The optimum values of µ and γ are obtained by using equation (9) . These values satisfy the conditions in the equation (10). 
NUMERICAL EXAMPLES AND SENSITIVITY ANALYSIS
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DISCUSSIONS
The present paper develops an inventory model for perishable items considering price discount. Here, two types of price discount are considered in three different scenarios. Firstly, both pre and post deterioration discounts are provided. Secondly, only pre deterioration discount, and finally, only post deterioration discount is provided. The efficacy of discounted selling price on optimising the total profit per unit time is studied by stacking up the results obtained in the given scenarios. The results clarify that the maximum profit can be attained in this inventory system only if the pre deterioration discount is provided. The post deterioration discount acquires less profit followed by the case of offering both types of discounts. Furthermore, the sensitivity analysis of the model reveals that the total average profit bumps up for increase in the values of the selling price, total cycle time, and the constants a, b,n 1 and n 2 . It declines for increase in the values of disposal cost, deterioration rate, purchase cost, pre and post deterioration discount. The results of sensitivity analysis can act as the guide for managing the aforesaid inventory system.
CONCLUSION
Offering of price discount is the way of enticing the customers' preference for the product. It acts as promotional aid for the seller and becomes essential for the short life span products or the products which get deteriorated over time. Most of the business organisations prefer post deterioration discount, but this paper suggests that, under the prevailing circumstances, pre deterioration discount is more beneficial for the decision makers. The management accordingly may embark up on studying the timing and quantity of price discount in pre deterioration period in order to minimise the pre deterioration cost. The model considered here is more suitable for the decoratively perishable items displayed to attract customers.
